174 


Dynamic and Thermal Effects 


STRESS PROPAGATION IN GRANULAR MEDIUM 

The radial and tangential stresses in the surrounding medium, such as soil, rock, 
or stemming materials, must first be determined before a buried structure such as 
a pipe, canister, or underground room can be designed. The fundamentals of stress 
wave propagation for these media are essentially the same as those utilized in the 
study of the homogeneous materials such as metals. Unfortunately, the nature of 
granular, soil-like materials or rock formations represents a multitude of boundaries 
affecting the propagation and reflections of sonic stress waves. Consequently, only 
the approximate, gross values of ground motion parameters such as sonic velocity, 
particle velocity, and density can reasonably be estimated. 

The mechanical model for predicting particle motions for ground motion due to 
underground explosions can be based on the following three assumptions [97, 98]: 

1. Particle velocity decreases as 1/R 3 in the inelastic region and as 1/R 2 in 
the elastic region, where R is the scaled range, defined as R 0 /W 1 / 3 . In this 
relation R 0 denotes the distance from the point of explosion in feet and W 
is the yield in kilotons. 

2. Peak particle velocity depends on the square of the sonic velocity of the 
media in which the explosion takes place. 

3. Propagation velocity of the peak stress depends linearly on the sonic velocity. 

Knowledge of wave initiation, propagation, and reflection is closely tied to seis¬ 
mic studies. Out of these three features the initiation process is probably least 
understood, despite a number of empirical observations and long field experience. 

When a stress wave produces impulsive external pressure all around a cylin¬ 
drical shell, complex vibration modes can be excited involving “breathing” and 
flexural response [97, 98]. The interaction between the purely extensional and flex¬ 
ural modes is found to precipitate permanent wrinkles. The subject of this response 
is too lengthy for inclusion in this brief review of wave propagation. It may be ob¬ 
served, however, that under dynamic conditions the buckling modes depend not 
only on the structure but also on the magnitude of the applied loads. The dynamic 
buckling often occurs where the impulsive loads are sufficiently high to cause an 
appreciable plastic flow. 


APPLICATIONS TO MACHINERY 

In many areas of industrial engineering the theoretical analysis of dynamic response 
may be too costly and time consuming. The alternative here is to follow an empirical 
approach which, however, requires the development of a specialized dynamic test 
rig and data reduction procedures. The most common area of interest relates to 
the effect of a moderately high velocity of impact on the resistance of a material 
or a machine element. The general problem in this case is concerned with the 
propagation of elastic and plastic waves in solids. Despite half a century of progress, 
engineers and designers are still faced with using oversimplified assumptions and 
models of dynamic behavior. 

Many high-velocity-impact machines have been developed utilizing gravity and 
pneumatic forces. The speeds of impact vary generally between 100 and 200 ft/sec. 



